Background: Type 2 diabetes mellitus is an increasingly serious health problem among African American women. Consumption of sugar-sweetened drinks was associated with an increased risk of diabetes in 2 studies but not in a third; however, to our knowledge, no data are available on African Americans regarding this issue. Our objective was to examine the association between consumption of sugar-sweetened beverages, weight gain, and incidence of type 2 diabetes mellitus in African American women.
T YPE 2 DIABETES MELLITUS, A leading cause of morbidity and mortality in the United States, has increased in incidence in recent years, and the mean age at diagnosis has dropped. 1 Type 2 diabetes is a particular problem among African American women, among whom the incidence rate is twice that of US white women. 2 Obesity is the strongest modifiable risk factor for type 2 diabetes, 2, 3 and much of the excess incidence in African American women is due to their high levels of overweight and obesity. 4 It is important to identify modifiable factors that will lead to weight loss or that will reduce risk of type 2 diabetes regardless of whether weight loss occurs.
Three previous studies have examined the effects of soft drink consumption on risk of type 2 diabetes. [5] [6] [7] In 2 studies, consumption of soft drinks was associated with increased risk of diabetes, 5, 7 and in the other, it was not. 6 We assessed the relation of sugar-sweetened soft drink consumption to risk of type 2 diabetes using data from the Black Women's Health Study (BWHS), an ongoing follow-up study of 59 000 African American women. We also assessed the consumption of "fruit drinks," a category that includes fruit juices other than orange or grapefruit, powdered Kool-Aidtype drinks, and fortified fruit drinks.
METHODS
The study protocol was approved by the institutional review boards of Boston University, Boston, Massachusetts, and Howard Univer-CME available online at www.jamaarchivescme.com and questions on page 1483
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sity, Washington, DC. The BWHS is an ongoing prospective cohort study of African American women from all regions of the United States. 8 The study was begun in 1995, when women enrolled by responding to questionnaires mailed to subscribers of Essence magazine (a popular magazine targeted to African American women), members of several African American professional organizations, and friends or relatives of early respondents. A cohort of 59 000 women aged 21 through 69 years at baseline (1995) was established and has been followed since then.
The baseline questionnaire obtained information on adult height, current weight, demographic characteristics, reproductive history, medical history, use of medications, use of cigarettes and alcohol, and usual diet. Follow-up questionnaires that update information on lifestyle factors and other exposures and identify new occurrences of serious illnesses, including diabetes, are mailed to participants every 2 years. Over the 5 cycles of follow-up, the average response rate is 80%.
The present analysis is based on data from the first 10 years of follow-up (1995 through 2005). We excluded women if they had reported diabetes (n=2920), gestational diabetes (n=638), myocardial infarction or stroke (n=806), or cancer (n=1146) at baseline; if they were pregnant at baseline (n=956); if they were younger than 30 years at the end of follow-up (n=1362); if data on height or weight were missing at baseline (n=474); if they did not complete the dietary questionnaire or left more than 10 dietary questions blank (n=2982); if they had implausible energy intake values (Ͻ500 or Ͼ3800 kcal; n=3050); or if they had missing data on soft drink consumption in 1995 (n = 417). After exclusions, the final analysis cohort comprised 43 960 women.
CASE DEFINITION
Participants were classified as incident cases of type 2 diabetes if they reported diabetes on any of the follow-up questionnaires and had not previously reported a diagnosis of diabetes. The accuracy of self-reported diabetes was assessed among a random sample of participants who reported the diagnosis. A total of 656 women were asked to sign a release for their physicians to be contacted. Releases were returned by 293 women. Most of those who refused permission stated concerns about confidentiality as their reason. One-page questionnaires that asked about the diagnosis of diabetes, year of diagnosis, criteria for diagnosis, and medication prescribed were returned by 229 physicians. The diagnosis of type 2 diabetes was confirmed for 217 (94%) of the women. Of the 12 unconfirmed cases, 2 were classified as type 1 diabetes, 4 were classified as metabolic syndrome, 1 had steroid-induced diabetes, 2 had gestational diabetes only, and 3 did not have diabetes. The positive predictive value of self-report was high regardless of whether the participant had taken medications for the treatment of diabetes: among the 150 women who reported taking medications, the diagnosis was confirmed in 96% of cases, and among the 79 women who did not report taking medications for treatment of diabetes, the diagnosis was confirmed in 93% of cases.
DIETARY MEASUREMENT
Data on food and beverage intake were obtained through a modified, 68-item version of the short-form Block-National Cancer Institute food frequency questionnaire (FFQ). 9 The FFQ was completed by BWHS participants at baseline in 1995 and again in 2001 after 6 years of follow-up. A validation study carried out on the 1995 food frequency data indicated satisfactory agreement with responses from 3-day food diaries and 24-hour recalls for fat, protein, carbohydrate, dietary fiber, calcium, iron, vitamin C, folate, and beta carotene, with correlation coefficients ranging from 0.5 to 0.8. 10 Three specific questions on beverage intake formed the basis for the present analyses. On the 1995 questionnaire, participants were asked how often they drank "regular soft drinks (not diet soda)," with frequency options ranging from never or less than 1 drink per month to 6 or more drinks per day. A medium serving was defined as a 12-oz (336-g) can or bottle, and participants could check medium, small (half of a medium serving), or large (1.5 times a medium serving). They were also asked how often they drank "orange juice or grapefruit juice," with frequency options ranging from never or less than 1 drink per month to 2 or more drinks per day. A third question asked about consumption of "other fruit juices, fortified fruit drinks, Kool-Aid" with the same frequency options. Data from the Continuing Survey of Food Intakes by Individuals 1998 indicate that for US African American women aged 21 to 69 years, 80% of intake of such beverages is of sugar-sweetened fruit drinks and 20% is of unsweetened fruit juice. 11 For both juice questions, a medium serving was defined as a 6-oz (168-g) glass. The 2001 questionnaire included the same questions on juice consumption and regular soft drinks and added a separate item on diet soft drinks. For both sets of questionnaire data, the frequency and portion size information were combined to create a variable that represented the number of medium servings consumed per week.
COVARIATES
The baseline questionnaire asked about weight and adult height, and each subsequent biennial questionnaire also asked about current weight. A measure of body mass index (BMI) was computed as weight in kilograms divided by height in meters squared. The baseline questionnaire included questions on the highest level of education obtained, cigarette smoking, alcohol consumption, physical activity, hormone use, and other factors. Updated data on smoking and alcohol intake were obtained on each follow-up questionnaire.
STATISTICAL ANALYSIS
Person-years of follow-up were calculated as the number of years from enrollment in the study to first diagnosis of diabetes, death, loss to follow-up, or completion of the 2005 questionnaire. For participants who were younger than 30 years at the start of the study, follow-up began the year they turned 30 years old. Ageand time-stratified Cox proportional hazard models were used to calculate incidence rate ratios (IRRs) (hazard ratios) with 95% confidence intervals (CIs). Departure from the proportional hazards assumption was tested by comparing models with and without cross-product terms for the exposure factor and age; the assumptions were met. Drink consumption was updated in 2001, and time-varying covariates were updated every 2 years. Multivariable models included terms for age; questionnaire cycle; family history of diabetes; cigarette smoking; physical activity; years of education; glycemic index of the diet; and intake of coffee, red meat, processed meat, and cereal fiber. Tests for linear trend across categories of drink consumption were carried out by adding an ordinal variable representing frequency of consumption to the multivariate models.
The main multivariate models were run without inclusion of terms for BMI or total energy intake because those factors could be in the causal pathway between consumption of sweetened drinks and diabetes risk. Additional models included terms for 1 or both of these factors to assess whether there was an association of soft drink and juice drink consumption over and above the effects of BMI and total caloric intake.
RESULTS
At baseline, 17% of participants drank at least 1 sugarsweetened soft drink per day, 32% drank at least 1 sweetened fruit drink per day, and 22% had at least 1 glass of orange or grapefruit juice per day. Intake of sugarsweetened soft drinks was inversely related to age, physical activity, years of education, and cereal fiber intake and positively related to BMI, cigarette smoking, energy intake, glycemic index, and intake of red meat and processed meat ( Table 1) . Intake of sugar-sweetened fruit drinks was also inversely associated with age and positively associated with total caloric intake and intake of processed meats. However, the pattern of consumption for fruit drinks differed from that of soft drinks with regard to other factors: consumption was unrelated to BMI or education but was positively correlated with physical activity, cereal fiber intake, and eating a low-glycemic index diet. To some extent, then, soft drink consumption was correlated with unhealthy behaviors and fruit drink consumption with healthy behaviors.
There were 2713 incident cases of type 2 diabetes identified during the 10 years of follow-up, from among a total of 338 884 person-years of follow-up. Diabetes risk increased with increasing intake of sugar-sweetened soft drinks (P = .002 for trend) and sweetened fruit drinks (P=.001 for trend, full multivariate model) ( Table 2) . For the highest category of intake of soft drinks (Ն2 drinks per day), the IRR was 1.51 (95% CI, 1.31-1.75) in a multivariate model that did not include dietary factors and was reduced to 1.24 (95% CI, 1.06-1.45) after controlling for dietary factors. For fruit drinks, the comparable IRRs were 1.37 (95% CI, 1.18-1.58) and 1.31 (95% CI, 1.13-1.52). Consumption of orange and grapefruit juice was not associated with diabetes risk.
Adding terms for BMI, which might be in the causal pathway between consumption of sugar-sweetened soft drinks and risk of diabetes, reduced the IRR for 2 or more soft drinks per day to 1.05 (95% CI, 0.90-1.23). For fruit drinks, however, the IRRs were essentially unchanged after controlling for BMI; for 2 or more drinks per day, the IRR was 1.33 (95% CI, 1.15-1.54). Additional control for total energy intake did not further affect the estimates (IRRs of 1.04 for soft drinks and 1.32 for fruit drinks).
We repeated the analyses for sweetened drinks and diabetes risk stratified by age (Ͻ40 years and Ն40 years), BMI (Ͻ25, 25-29, and Ն30), and family history of diabetes ( Table 3) . A weak positive association of diabetes risk with the highest category of consumption was observed across subgroups of each factor, with the exception of BMI lower than 25 for fruit drinks, for which the IRR for 1 or more drinks per day relative to less than 1 drink per month was 0.84 (95% CI, 0.56-1.25).
Consumption of "diet" soft drinks was asked about on the 2001 questionnaire but not on the 1995 questionnaire. We assessed the relation of diet soft drink consumption to risk of type 2 diabetes for the follow-up period from 2001 through 2005, during which 906 new cases of type 2 diabetes were diagnosed. The IRR for 1 or more diet soft drink per day relative to less than 1 drink per month was 1.06 (95% CI, 0.83-1.36).
We used data from both the 1995 and 2001 questionnaires to assess the relation of changes in consumption patterns to changes in weight for the 6 years from 1995 to 2001. For each of sugar-sweetened soft drinks and fruit drinks, participants were classified into 5 mutually exclusive categories: those who consumed 1 drink or less per week in 1995 and had not changed their intake; those who consumed 1 drink or less per week in 1995 and increased to 1 or more drinks per day; those who consumed 1 drink or more per day in 1995 and did not change; those who consumed 1 or more drinks per day in 1995 and reduced their intake to 1 drink or less per week in 2001; and those who did not fit into any of the previous categories. The majority of participants gained weight during the 6-year interval. In multivariate models that included terms for change in other risk factors, the greatest weight gain was seen in those who increased their consumption of soft drinks (mean weight gain, 6.8 kg) ( Table 4) . The lowest mean weight gain (4.1 kg) occurred among those who decreased their consumption of soft drinks (PϽ.001 for the comparison of those with the greatest and lowest mean weight gains). Weight loss in the 6-year interval was most common (24%) among women who decreased their intake of sugar-sweetened soft drinks and least common (16%) among those who increased consumption or were already consuming 1 or more soft drinks per day and did not cut back. The association between changes in consumption and weight gain was weaker for sweetened fruit drinks (Table 4) .
COMMENT
In this prospective study of African American women, consumption of sugar-sweetened soft drinks was positively associated with incidence of type 2 diabetes. Women who consumed 2 or more soft drinks per day had a 24% increase in incidence relative to women who drank less than 1 soft drink per month. A similar association was observed for sweetened fruit drinks, with a 31% increase observed for 2 or more drinks per day relative to Abbreviations: BMI, body mass index (calculated as weight in kilograms divided by height in meters squared); CI, confidence interval; IRR, incidence rate ratio. a Adjusted for age; questionnaire cycle; education; physical activity; smoking status; family history of diabetes; intake of red meat, processed meat, cereal fiber, and coffee; glycemic index; and each of the other 2 types of drinks.
less than 1 drink per month. Consumption of orange and grapefruit juice and of diet soft drinks was not associated with diabetes risk.
Several possible mechanisms may explain the observed associations between diabetes risk and consumption of sugar-sweetened drinks. The first, which probably accounts for most of the association, is through weight gain. A systematic review of the literature indicates a positive association between greater intakes of sugarsweetened beverages and weight gain and obesity in both children and adults. 12 These beverages are dense in calories and are typically consumed as an addition to usual food intake. Several studies have shown that liquid foods have a low satiety and that when individuals increase consumption of liquid carbohydrates, they may not reduce consumption of solid food in response. [13] [14] [15] High-fructose corn syrup, which is now the sweetener used in all sugarsweetened soft drinks consumed in the United States, appears to be particularly effective at promoting weight gain because of its adverse effects on insulin secretion and leptin release, leading to a reduction in the normal inhibitory effect on food intake. 16, 17 In addition, fructose facilitates the biochemical formation of triacylglycerols more efficiently than does glucose. 17, 18 Interestingly, orange and grapefruit juice consumption was not associated with an increased risk of diabetes in our study, perhaps because these beverages are typically consumed as part of a meal rather than between meals. The naturally occurring sugars in orange and grapefruit juices (glucose and fructose) may also have different metabolic effects than the highfructose corn syrup that is added to soft drinks.
A second possible mechanism is through the glycemic effects of the beverages. Both sugar-sweetened soft drinks and fruit drinks contain large amounts of rapidly resorbed carbohydrates, the consumption of which leads to rapid increases in glucose and insulin concentrations. 19, 20 Although the literature is not consistent, several large studies have found a positive association between glycemic load of the diet and risk of type 2 diabetes. 21, 22 Sugarsweetened beverages have a moderate glycemic index per se, but they contribute to a high glycemic load of the overall diet because of the large quantity consumed. 23 When BMI was added to the multivariate model, the IRR for high soft drink consumption was reduced to 1.04, suggesting that the association with diabetes risk is mediated by the effects of soft drink consumption on BMI.
Our data indicated that women who increased their intake of sugar-sweetened soft drinks had a considerably higher weight gain over a 6-year period than did women who reduced consumption. In contrast, adjustment for BMI had little effect on the association of fruit drinks with diabetes risk, and the relation between intake of these beverages and weight gain was not as strong as for soft drinks.
The consistency of the results observed within categories of age, family history of diabetes, and BMI do not support the hypothesis that adverse effects would be most severe among persons who are already insulin resistant.
The relation of sugar-sweetened beverage consumption to risk of type 2 diabetes was examined in data from the Nurses' Health Study II, a prospective follow-up of US nurses, almost all of whom are white. 5 Positive associations, somewhat stronger than in the present study, were found for both soft drinks and fruit drinks. The weaker associations observed in our study may be due to the higher baseline risk of diabetes experienced by African American women: relative risks associated with a given exposure will be smaller when the baseline risk is greater. In addition, the Nurses' Health Study II analysis did not adjust for meat intake, a variable that proved to be the strongest dietary confounder in our analysis. A small study of Finnish men and women also found an association of sweetened soft drinks and juice drinks with risk of type 2 diabetes. 7 On the other hand, in the Atherosclerosis Risk in Communities (ARIC) study, no association was observed for soft drink consumption and diabetes risk. 6 The authors speculated that the reason for the discrepancy may be the older age and higher baseline BMI in the ARIC population. Another study examined soft drink consumption in relation to metabolic syndrome and components of the metabolic syndrome in the Framingham Offspring cohort. 24 Of relevance to the present study, persons who consumed 2 or more soft drinks per day had a 32% increased risk of impaired fasting glucose relative to those who consumed less than 1 drink per day. 24 Limitations of our study must be considered. The main analyses were based on beverage consumption data collected at baseline. Individuals who changed their drinking patterns may have been misclassified as to exposure, which would have tended to weaken the observed associations. Identification of incident cases of type 2 diabetes relied on the participant's self-report. A validation study of several hundred BWHS participants who re- ported incident type 2 diabetes demonstrated that the condition is reported with very few false-positive results. However, some participants may have been unaware of their diabetes and were erroneously misclassified as noncases. Such misclassification of disease status would have biased results toward the null but would not have caused the association that was observed for soft drink consumption and diabetes risk. Strengths of the study include the large size of the cohort, the large number of incident diabetes cases, the prospective data collection, and the focus on African American women, a population with particularly high rates of type 2 diabetes. Previous studies have not included enough African American participants for separate analyses. Because our study was based on 10 years of follow-up, it was possible to look at changes in soft drink consumption over time and assess those changes in relation to changes in weight. Physical activity and other potential confounders were taken into account.
Type 2 diabetes is an important public health problem in the United States and particularly so among African American women. Overweight and obesity have been identified as the most powerful risk factors for type 2 diabetes, but losing weight and maintaining a healthy weight have proven to be difficult for many people. Our study suggests that the mechanism for the increase in diabetes risk associated with soft drink consumption is primarily through increased weight. Reducing consumption of soft drinks or switching from sugar-sweetened soft drinks to diet soft drinks is a concrete step that women may find easier to achieve than other approaches to weight loss.
Finally, it should be noted that consumption of fruit drinks conveyed as high an increase in risk as did consumption of soft drinks. Fruit drinks typically contain as many or more calories compared with soft drinks and, like soft drinks, may not decrease satiety to the same extent as solid food. Fruit drinks were consumed more frequently than soft drinks in our study, and in the US population, the proportion of total energy intake from fruit drinks doubled from 1977 to 2001. 25 The public should be made aware that these drinks are not a healthy alternative to soft drinks with regard to risk of type 2 diabetes.
